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Summary Report
Kentucky Commercial Vehicle Safety Applications Eva luation

January 31, 2008

Introduction

An advanced-technology Integrated Safety and Sgdanforcement System (ISSES), now
deployed at three commercial vehicle inspectiogssationg interstate highways in Kentucky,
was evaluated from the point of view of system gnfance, potential effects on inspection
selection efficiency (choosing the highest-rislcksifrom the stream of commerce), user
acceptance, and costs. The deployment was ptré éfentucky Commercial Vehicle Safety
Applications (CVSA) program.

Highlights of the results include the following:

* The KVE inspectors at the Laurel County (Londortgistate 75 northbound
weigh/inspection station were not using the ISSE&nty great extent during the period
of the field study. According to interviews withspectors and with staff from the KTC,
the ISSES hardware was functioning satisfactobilt,the state’s current enforcement
staffing levels—and an organizational emphasisherguantity of inspections completed,
as opposed to the rate of OOS orders issued—pranspectors from having the time or
incentives to make effective use of the informati@mg displayed by the ISSES.

» Although they were not yet integrated with anyestat national data sources, the portions
of the ISSES under evaluation in this study appetrde performing as designed.

» The system has the potential to reduce commeretldtie related crashes, injuries, and
fatalities substantially if deployed more widelydahconnected with current and
historical sources of safety and inspection data.

* The users at the Laurel site were positive tomaed$SES and appeared to recognize its
potential, but regarded it as more of a developaldast or research device than as a tool
that they wanted to use immediately in their dagty commercial vehicle inspection
and law enforcement duties.

Details of the results with supporting methods lysis, and data are presented in a separate
technical report (USDOT 2008).

Background on Deployment and Evaluation

The London, Kentucky, northbound weigh station mterstate 75 is the site of an advanced,
computer-aided, integrated system intended to ¢mipmercial vehicle inspectors with
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Kentucky Vehicle Enforcement (KVE) improve the etfieeness and efficiency of roadside
safety, security, and registration enforcement apmns. The system, which was commissioned
in June 2005 and formally dedicated by the GoveomoAugust 12, 2005, is now in daily
operation (Figures 1 and 2).

Officials in Kentucky refer to the system as thiegirated Safety and Security Enforcement
System (ISSES). The system is also known as part of “Kentucky'sigt Station of the 21
Century.” The station is located at mile market@Bveen Corbin and London in Laurel
County. Funded in part by the Kentucky TranspataCabinet through federal highway funds
(Project VIILH.15.C), the system is the first af Kind in the country. Since 2005, two similar
systems have been installed in

= Kenton County (I-75 southbound at mile marker IB8miles south of
Cincinnati/Covington, commissioned August 2006)

= Simpson County (I-65 northbound at mile markernttee route from Nashville,
Tennessee, commissioned October 2006).

The Kenton and Simpson county sites are shownguares 3 and 4, respectively. A fourth site,
in Lyon County (I-24 eastbound in southwestern Kkieky), is also being considered for 2008.

Partners with the Kentucky Transportation Cabinghis deployment include KVE, the
University of Kentucky Transportation Center (KT@hd the Federal Motor Carrier Safety
Administration (FMCSA, an agency of the US Deparitrf Transportation, or USDOT). The
KTC is working with Transportation Security Techogiles LLC (TransTech, based in Oak
Ridge, Tennessee)—which is the vendor leading aartionm of private-sector equipment
developers and manufacturers—plus various othepoaent vendors, suppliers, software
developers, subcontractors, and system integraiansdertake the Kentucky deployment. A list
of contact persons from each organization is ptesein Appendix A.

The focus of the present evaluation is commera@aiale safety and enforcement, in particular
assessing the capability of the ISSES to providpentors with real-time inspection-decision
aids. The system also, however, has homelandigeapplications in terms of detection and
prevention of radiological incidents or attackhe$e security functions are outside the scope of
this FMCSA-sponsored evaluation.

! Three of the abbreviations used in this reporpleapo be similar and may be confusing. “ISSE&hds for the
advanced-technology portal screening system degloy2005 and being evaluated at Laurel Count$S~lis the
USDOT computer-based Inspection Selection Systetnaduced in 1995, and available nationally toinithe
commercial vehicle inspection decision proces$S™is the corporate abbreviation for Intelligentdging Systems,
a private company formerly known as Thermal Eyehhetogies, which is active as a vendor in the dgwelent
and deployment of the ISSES.
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Figure 1. London, Kentucky, northbound I-75 weighstation (Laurel County). ISSES thermal
inspection cameras in foreground and portal monitofautomated vehicle identification system in
background.

Figure 2. London, Kentucky, ISSES deployment. Sysm control cabinet at left; elevated radiation
detection panels close to truck lane on either sidgisible lighting and identification camera
apparatus in foreground.
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Figure 3. Kenton County ISSES site.

Figure 4. Simpson County ISSES site.
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The USDOT sponsored an independent evaluationedkéntucky deployment, to provide the
government with important information on the accyrapplicability, feasibility, and
measurable benefits of selected technologies ®irusther jurisdictions that may be
considering similar Intelligent Transportation yset(ITS) deployments. The independent
evaluation, which is described in this report,n®@wn as the Commercial Vehicle Safety
Applications (CVSA) Evaluation. An Evaluation Stgy (USDOT 2005a), Evaluation Plan
(USDOT 2006¢), and Test Plan (USDOT 2007c) werpamex, detailing the research
objectives, hypotheses, evaluation measures, aaccdbection and analysis methods. This
evaluation is organized around three related ssudie

» System performance
* Inspection efficiency, with a focus on safety impEments
» User acceptance and costs.

A Technical Report on the independent evaluatiooviding further detail, analysis methods,
and supporting data, was also prepared (USDOT 20D purpose of this Summary Report is
to highlight the results, benefits, and lessonsled from the Kentucky CVSA Evaluation.

Goals of the ISSES Deployment Project

The overall goal of the roadside deployment at.iredon northbound station is to enhance the
screening of commercial trucks by more readily tdging those trucks that might pose safety
hazards and/or unreasonable risks to homelandigecKentucky seeks to develop a roadside
system that gives the inspectors automated toai®tk more efficiently, while not burdening
the inspectors with added duties and complexitgtifidations from the system should be
backed up by valid, accessible, and convenientatatse roadside.

Technologies Being Deployed

The ISSES technology in Kentucky is intended tegnspectors real-time information about
trucks passing by the scale house at a slow raegdsihrough several integrated subsystems:

A bulk radiation detection monitor

A front tractor automated license plate recogni{idbhPR) system

A USDOT number reader, using optical charactergeitmn (OCR) technology
A thermal imaging (infrared, or IR) inspection syst

A vehicle classification system (laser scanner).

The system also includes an overview (color stithge) camera mounted near the roof of the
scale house and a (visible) color video image systeparallel with the IR camera. The
Kentucky deployment of ISSES is unique in thas iaitempting to integrate disparate
enforcement and security functions. The locatmirthe primary systems relative to the overall
weigh station layout in Laurel County are illusé@in Figure 5. A KVE inspector using the
inspection shed to measure the brake stroke omaneacial truck is shown in Figure 6.
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Inspection Shed

Truck Parking
A. Upstream equipment: open/closed sign; Norpass transponder D. ISSES equipment: radiation detector, infrared brake monitor,
readers and notification transmitters; mainline WIM laser scanner, license plate reader, peripherals
B. Sorter-lane WIM E. Arrow sign for return to mainline (straight)

C. Arrow sign for bypass ramp (left) or static scale (right) Gl eI A ST e

Figure 5. Layout of weigh-inspection station andraffic patterns at London, Kentucky (Laurel
County) on northbound I-75. lllustration is not to scale.

Figure 6. Inspector using the inspection shed atdurel County station to measure brake
stroke during a routine safety inspection.
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Summary of Evaluation Goals and Objectives

The independent evaluation conducted on behal@fXSDOT was intended to document the
performance and benefits of the ISSES from a natipaint of view and provide practical
information on commercial vehicle safety and eéfiay that will be useful to other states
considering the deployment of similar equipmenrdfeg/-related results from the independent
evaluation are also being incorporated into thenat evaluation of the Commercial Vehicle
Information Systems and Networks (CVISN) Deploymrdgram under a separate task order
with the USDOT (2006d,e; 2007a). Two goal areas) melated objectives, guided the
Kentucky evaluation:

Goall To estimate whether the ISSES will make highwaysasurably safer and more
secure.

Objective 1.1  Measure subsystem and integrated system perfoer@naracteristics.

Objective 1.2  Use data from the field test to determine therithistions of kinds of vehicles
traversing the weigh station under normal condgioifihis provides a baseline
for reference in assessing the highway safety literadfthe ISSES.

Goal2 To determine how the ISSES makes the inspectioogass more efficient and
effective, in turn contributing to improved highwagafety.

Objective 2.1  Determine the degree of user acceptance and theiped usefulness and
usability of the ISSES as deployed, and quantifyilaenent and operating
costs related to the ISSES.

Objective 2.2  Measure the ability of the ISSES to improve insjpecselection efficiency,
and in turn to yield reductions in crashes anddires of highway security.

Objective 2.3  Explore options for integrating the data availabben the ISSES with existing
safety, enforcement, and administrative data ssueasel prepare models or
plausible scenarios for Kentucky or other statespialy.

System Performance Evaluation
The purpose of the system performance evaluatiatavassess how well the ISSES performed

in the field, relative to its design and its intedduse as described by the system vendor through
information such as product literature, specifimas¢i, and training materials. The evaluation
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team attempted to determine the performance afathi@tion monitor, the thermal inspection
system, and the laser scanner.

As detailed below, the system in Laurel County ajppéo perform reasonably well in
comparison with expectations, and consideringithatthe first installation of its kind in the
nation. The system displayed real-time visual digdal-format information about the trucks
passing through the ISSES portal, permitted usessdn retrospectively through data screens
showing visual imagery and digital data on previpassing vehicles, and produced usable data
archives from the various subsystems, with somgdtrons. The user interfaces in the scale
house were intuitive and seemed to be easy to,lgawen appropriate training.

This assessment was affected by several impodaturf:

» The local ISSES was not yet integrated with aniesta national databases of historical
safety, inspection, out of service (O0OS), or regigin/licensing information, so it was
operating in a stand-alone mode.

» The staffing levels at Laurel County were such tt@aKVE inspectors were assigned to
use the ISSES as part of their mainstream job slufiéne system was in place and
operating during the evaluation period, but asdhatehe user acceptance section below,
in general no one was attending to the informagioown on the ISSES display screens.
The inspectors appeared to consider the system $tilbsomething of an experimental
or test prototype rather than an integral tooldiei@ving their day-to-day safety and law
enforcement goals.

» Related to the previous factor, the deployment fgake in a larger enforcement context
that has up to now measured safety improvementsgeovided incentives to inspectors)
based on the numbers of inspections completedyas®d on achieving high rates of
OOS orders among a set number of inspections coedple

» At the request of FMCSA, the evaluation team w&edso disregard the performance of
the ALPR and USDOT number reader systems. Theseulysystems, which if
effective could help KVE achieve important safatyegning goals, did appear to be
operating during the evaluation period.

* Some of the data that were planned to be colldetgd, electronic screening bypass data
for the first week of the field observation andrthal imaging video data from the Laurel
County site) were not available.

System Components, Configurations, and Outputs

ISSES consists of the following component technielsig

= A vehicle detection and classification system, Whises a laser rangefinder to detect
commercial motor vehicles (CMVs) and measure thigéred, height, width, and
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length, facilitating the identification of vehictgpes based on key characteristics
(e.g., number of axles).

= An overhead camera that documents the passingbf@slV by capturing an image
of the vehicle (Figure 7).

= A radiation detection system, which measures gaemdaneutron radiation levels, to
help inspectors recognize potentially hazardougnatshipments and cargo.
Inspectors at the station were also provided whiard-held radiation detection and
identification device, which can be used once ekthas been parked for closer
inspection.

= A thermal imaging inspection system, which displagd records IR and visible
video of the CMVs as they pass through the senabfiosying inspectors to detect
thermal/visual anomalies.

= An automatic license plate recognition (ALPR) sgstevhich captures and stores
wide-angle and narrow-angle digital images of tieatf of passing CMVs and
performs OCR on the tractor front license plate bers.

= Adigital USDOT number recognition system, whiclptaies digital images of the
sides of passing CMV tractors and performs OCRheniSDOT number posted on
the side of each tractor.

For further detail on the purposes and functionheflISSES subsystems, see the Technical
Report (USDOT 2008).

Several of the ISSES subsystems have dedicatedutengervers located in the scale house at
the weigh station. ISSES is designed for instaltleat CMV weigh stations, where it can be
used by weigh station operators to identify potmiroblems and/or safety concerns with
passing CMVs and to compile CMV traffic data ankdeotstatistics.

Figure 8 shows some of the ISSES components. ades scanner apparatus is at right center,
aimed downward at a slight angle toward the roadwayur auxiliary photocell (conventional
light beam) emitters/receivers are mounted in ahpattern on the upstream (left in photo)
support poles of the two square, raised radiatmiapmonitors on either side of the roadway.
These detection devices appear as small gray bhoXegure 8. These electronic beams
supplement the laser triggering system that detketbeginning and end of each passing
vehicle.

Sample output files from the radiation monitor eys$ at the Kenton and Laurel sites are shown
in Figure 9. While the underlying data are the satine two JPG images are configured
differently. The Kenton images depict a timelindereas the Laurel image superimposes a plan
view of a generic commercial vehicle. If the monidetects and alarm condition that exceeds a
preset threshold, both formats provide the inspemtanalyst with a visual cue as to the location
of the emitting source relative to the geometrihef vehicle. The radiation monitor detects both
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Figure 7. Example image recorded by overhead cameiat the Laurel site. -

Figure 8. Laser scanner for triggering and classi€ation (far right) and raised radiation portal
monitors (left and center-right).
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a. Kenton — Gamma Alarm
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Figure 9. Graphic representations of radiation moitor output for CMVs passing through the
Kenton and Laurel sites.

gamma- and neutron-emitting radiation sources,sahds distinct alarms for each type of
source if detected above the threshold.

Figure 10 shows the thermal image cameras moumistteam of the scale house on a pan-tilt-
zoom pedestal controlled by the operator in théeswause. One camera captures IR, and the
other captures mixed IR/color images. A third widgeparate from but integrated with the
thermal imaging system, is captured by a gable-riealicolor overview camera that has pan-tilt-
zoom capability, but is normally focused on theESSruck portal. Figure 11 provides an
example of a still image from the composite vidaptared at the Kenton site. The three main
images show color video from the gable-mountedoger camera (top left); IR (top right); and
overlay, or combined color/IR (lower left).
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Figure 10. Location of thermal imaging video cameas at Laurel site, showing pan-tilt-zoom
camera head.

Meralon 242
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Figure 11. Images captured by thermal imaging vide cameras at Kenton site, as replayed on DVR
viewer.

Kentucky CVSA/ISSES Summary Report 12 January 31, 2008



Figure 12 shows the two ALPR cameras, installeti giightly different orientations. One
camera is pointed more toward the right side ofvigtgicle front, and the other camera is pointed
more toward the left front. Figure 13 shows thefiguration of the USDOT number reader
camera, located at about the height of the ceffitdwedtractor (cab) door. Examples of images
generated by the ALPR system are provided in Figdre

When a truck’s USDOT number can be captured amupreted by the ISSES optical character
recognition system, ISSES generates a JPEG image pbrtion of the vehicle containing the
USDOT number with a date/time stamp correspondimgedded in the event file name. An
example JPEG image generated by the USDOT numaéerés shown in Figure 15.

System performance data from ISSES deploymentgigiwvstations in Laurel County
(northbound) and Kenton County (southbound) wectiged in this evaluation. The data used
to assess system performance were collected diménipllowing time periods:

= Laurel County station — 12:00 AM on June 11, 2006éugh 11:59 PM on June 22,
2007 (12 days); and

= Kenton County station — 12:00 AM on July 31, 206ugh 11:59 PM on August 1,
2007 (2 days).

The research team visited the Laurel County sitersé times during the course of the field
study. A data collector gathered USDOT numbemnfadl trucks passing through the ISSES
portal for a two-week period during normal daytiheurs (Figure 16). During these visits,
members of the research team also conferred with KWV inspectors, CMV police officers,
and with vendor representatives from TransTech/M8am members also observed the
inspection selection process from inside the weigtion scale house, and they observed and
photographed several inspections taking placeKspee 6 above).

Research team members who visited the two deploysits noted several structural or design
differences between them, as outlined in Tabl&Hese differences illustrate some of the
lessons learned in the first (Laurel County) depiegit. The location of the visible lighting
fixtures was changed at Kenton to reduce the ammiwsttay light reaching the mainline of
traffic. Also, the lights at Kenton are positiongeth that the light source is not visible to the
approaching driver. The Kenton ISSES equipmentpuastioned approximately twice as far
upstream from the scale house as the ISSES equiankeaurel, in principle allowing Kenton
inspectors more time to make decisions based osydtem’s output. One other change at
Kenton was the placement of all of the ISSES alreend portal apparatus, except one of the
radiation panels, on the driver’s (highway) sidehaf low-speed bypass lane. This change
reduces the amount of equipment interfering withdight lines between the passing vehicle and
the inspector in the scale house, which is on #ssgnger side of the bypass lane.
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Figure 13. Rear view of USDOT number reader cameréat center foreground, on narrow post
below two light fixtures). Two ALPR cameras are orlarger post at right of USDOT camera.
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c. Narrow-angle/focused — digits not recognized (n  o-read)

d. Narrow-angle/focused - digits identified
VF591710.

Figure 14. Images generated by the ALPR system.
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USDOT 165881 2.5+
IA.DOT. 61729 ==~}
VIN 5LU76917 =

Figure 15. Image generated by USDOT number readerActual USDOT number is on passenger

side of tractor cab (lower left). ISSES-generate@CR text conversion is superimposed at upper
left.

Figure 16. Viewpoint of evaluation team data collgor observing nearby commercial
vehicle traffic after passing through the ISSES pdal at Laurel County.

Kentucky CVSA/ISSES Summary Report 16 January 31, 2008



Table 1. Comparison of Laurel and Kenton station onfigurations.

ISSES Feature Laurel Kenton
Lighting fixtures for USDOT number | On passenger side, On driver side, facing
reader facing toward mainline | away from mainline
Electrical supply conduits for lighting | Visible Hidden
fixtures
Mainline weigh-in-motion (WIM) scale| Yes No
Sorter-Lane WIM scale Yes Yes
ISSES location relative to scale house Closer atedwouse Further upstream from

scale house

Radiation monitor panels On raised pedestals Loatagrade level

The ISSES main system monitor allows the userd¢w\a summary of the seven to ten most
recent trucks to pass through the ISSES portgJurEil7 shows an example of the ISSES
continuous monitoring interface. Once the userdmasen a particular vehicle for further
analysis, he or she can select any of a serigglofidual system views, including the radiation
(rad) server, the DVR (digital video recorder) sgrfor the thermal imaging system, the ALPR
(plate) server, or the USDOT number server. Tlee alsooses these subsystem server views
from the management interface screen (Figure 18).

GSES - Continuous Monitoring

on

Plate: 1025581
USDOT: Guuda

You are in LIVE VIEW

N
-
.
.
.
-

Plate: GNNTS1
USDOT:
Radiation:

52 Not Available

__

Plate: 30969
USDOT: 833167 =

TECH

Copyright Transtech 2806 all rights reserved

Figure 17. ISSES continuous monitoring interfaceshowing the “live view.”
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Click here if you want to , Logoud

Monitoring

Live View
You are at LliveVYiew > Summary Details

Live View
Summary

Details

License Plate : 08439H

USDOT # : 252487

Master:

No Alarm

LA

Radiation : g o ote

Thermal No Alarm

B

Driver

Weight

Video

Video:

Met Data:

Location Data: v

Met vehicle ID: 818179 Driver Data:

i Date Time: Wed Jun 27 11:56:18 EDT 2007 r
Manifest Manifest Data:

Send File Master Image Not Available

Rrint et

Figure 18. ISSES management interface, showing tiserver detail options at left.

System Performance Results

Laser Scanner (Vehicle Detection)There was some discrepancy between the number of
vehicles counted by the research team staff meduarg site visits and the number of
individual records generated by the software olrersame time period. The software generated
a significant number of records (i.e., distinct sow the data file output produced by the
software, which associates output for each velfiiola the radiation detector, USDOT number
reader, overhead camera, and ALPR system in aedingl) with “n/a” or “Not Available”

values in columns that would normally contain O@Rdings, file names, etc., which were not
reported by the human observer.

At the Laurel site, for example, 1,769 records wggeerated by ISSES during a span of
approximately 8 hours on June 14. During the stime period, the research team member
recorded 1,455 vehicles, a difference of 314 rexot8 SES components occasionally triggered
when no vehicle was passing through the portals fyjpe of error is depicted in Figure 19,
which shows three images recorded in close sequsntte overhead camera.
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[1, first]

Figure 19. Series of images recorded by ISSES ohead camera at Laurel site on June 14, 2007.
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Each of these images is associated with a sepaaied in the ISSES output file. However,
image [2] was taken after the vehicle shown in iendg had already passed through the portal,
but before the vehicle in image [3] reached thessen In other words, image [2] should not
have been recorded and represents an extraneaud,recrow, in the output file. In general,
records that contained nothing but “n/a” or “NotaMable” values were considered by the
research team to be associated with one of these types of errors.

The vendor acknowledged to the evaluation teamviiiaitle triggering and ordering the time
sequence of actual events in the resulting daa fihs been a challenge in deployment.
According to the vendor, the decision was maddltovea certain number of extra or false
triggers, in exchange for having a system thatasentikely to collect usable data on any vehicle
suspected of posing a radiological threat.

Radiation Portal Monitor. The research team assessed the general outpat i@diation portal
monitor. During the 2-week field observation, tB&ES recorded nine neutron alarm vehicles
and 558 gamma alarm vehicles. Considering theoappate number of vehicles recorded
during this period (28,000), the neutron alarm aetsvated by one out of every 3,111 vehicles,
and a gamma alarm was activated by one out of &@wehicles. The inspectors indicated that
staffing levels prevented them from inspecting g¥arck that tripped a radiation alarm. A
tendency for nuisance alarms caused by naturatlyraag substances has the effect of making
inspectors more likely to ignore all of the bulknyaa radiation monitor alarms, as confirmed in
the user acceptance interviews. According to Kh€,ltaurel County site was adjusted in the
fall of 2007, after the time of the field obsereat; to greatly reduce the frequency of nuisance
alarms.

As noted in Table 1 above, the radiation portal if@ompanels at Kenton (and Simpson) were

configured closer to the ground, in comparisorhtltaurel County site, where the panels are
raised several feet above the roadway. Figuresl3labove illustrate the lower height of the

Kenton and Simpson County installations. For camspa, the higher-profile panels at Laurel
County are shown in Figures 1 and 2.

Inspectors at the Laurel site report that the alasmurrently configured is too sensitive to low
levels of radiation. As a result, the alarm adggavhenever a CMV carrying harmless but
gamma ray-emitting materials (e.g., bricks, poicelelay, granite, cat litter, ceramic tile) passes
through the station, and staff are prone to igtleeenumerous gamma alarms. The gamma
detector gives more nuisance alarms than the medgtector.

The system vendor reported that the ISSES radid&bector subsystem will not be optimized
until true “risk matrices” are cross-referencedhitSDOT hazardous materials rules and remote
data to automate useable transportation safetyalfor inspectors. This “rules manager,”

which is the final stage in the development of ISS®ill cross-reference sensor data from
ISSES with remote data stores to give user-defatexds to operators. For example, the system
is being programmed by the vendor to provide anbd@idlarm when some kinds of radiation-
emitting loads are observed being hauled by aeraninose USDOT number is not associated
with the appropriate certificates, credentialsp@mits.
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The vendor indicated that live testing of the ISS&8ation monitor was conducted through the
Domestic Nuclear Detection Office of the US Depaminof Homeland Security (DHS), and that
the systems were confirmed to detect passing lttedsvere emitting radiation. The vendor
reports having seen no evidence through testirtghlaadiation monitor has issued any false
alarms (i.e., an alarm sounds when no radiationceas present). As opposed to false alarms,
the tendency for nuisance alarms in the scale hatisa naturally occurring substances pass
through the portal is discussed elsewhere.

Infrared/Thermal Imaging System.The research team reviewed two days’ worth of videals
captured by the thermal inspection device at thetétesite. The objective was to determine
whether potential heat-related defects were visibléhe video and to track these defects. The
independent review of the Kenton IR video was haeubey several factors. As indicated by
the vendor, the IR camera from this period was usedtraining exercise, mainly by untrained
inspectors learning and using the system for tis¢ time. The camera was not set up properly
for the first seven to eight hours of the Kentaidistudy. Video images were extremely blurry
(see Figure 20). At one point in the video, thexeea settings were noticeably adjusted to
provide the appropriate level of contrast betwestk dnd light values (Figure 21).

This greatly enhanced the image; however, at thegane that the contrast was adjusted, the
operator of the IR camera appeared to zoom in andlge camera manually to move along with
(i.e., track) each passing vehicle. This resuleahly a portion of the vehicle appearing in the
IR camera viewer at any given time (see Figure & .a result, it was difficult to determine

with any certainty that a particular tire, brakepther component was giving off an unusual heat
signature. These difficulties with the video imaigda appeared to be caused more by operator
choices than by any inherent shortcoming with dafimhology.

The research team also noted a difficulty in catmeg the image in the color (gable-mounted
overview) camera viewer and the image in the IRerawiewer, on the three-part composite
DVR player screen. As a vehicle approached th&&gortal, it appeared on the IR viewer
several seconds earlier than it appeared on tloe cwnitor. This delay—most likely caused by
the operator changing the aim of the IR cameraenthié overview camera remained stationary,
or vice versa—was confusing, since the vehicle showthe top right (IR) screen was often not
the same vehicle visible simultaneously on theléfip(color overview) screen (see Figure 21).

The research team was unable to cross-check viaegade against Driver/Vehicle Examination
Reports prepared by inspectors at the Kenton waggion on July 31 and August 1, 2007, due
to an inability to accurately identify the inspettgshicles on the IR/color video. USDOT
numbers and/or license plate numbers from the aigpereports were used to find the date/time
stamp on the USDOT number reader or ALPR outpes @nd identify the time at which the
vehicle passed through the ISSES portal. Howevesyiew of the video at the corresponding
times failed to identify vehicles with the same gilbgl characteristics as those described in the
inspection reports or shown in the still imagesteagal by the ALPR/USDOT number reader.
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Figure 20. Image taken while contrast on the Kento IR camera was improperly adjusted.
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Figure 21. Image taken from Kenton IR viewer aftercontrast adjustment (note the time lag
between the IR and color images and the inabilitya view the entire vehicle in IR mode).
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The research team watched video taken several esitngfore and after the specified time, but
could not conclusively match the images with thpguanspection records. When asked, the
vendor indicated that the computer server thatleymszes the system time clocks at the Kenton
site was down at the time of the recording, andW& clock did not match the ISSES clock.
Because of this hardware fault, therefore, a direttospective comparison was not possible,
given the state of integration between the theimabing subsystem and the other ISSES
vehicle identification and triggering subsystemswithis sample of image data was stored.
Such integration between the truck images showthemverview color camera and the
thermal/IR camera will be critical for enforcemanid accurate vehicle identification in future
enhancements of the ISSES hardware and software.

USDOT Number Reader and ALPR Systermhese systems were not under evaluation, so no
results are presented.

System Performance Conclusions

The radiation monitor appears to alert inspectoysatential radiation hazards. No attempt was
made to simulate radiation-emitting loads to folgntdst the rates of false positive alarms or
false negative (missed detection) alarms. Theratgsstem produces different kinds of audible
signals in the scale house, shows graphic imagtsedbcation and strength of the radiation
source, and records quantitative information onaflaem conditions for retrospective review. A
tendency for nuisance alarms caused by naturatlyraag substances, however, has the effect
of making inspectors more likely to ignore all bétgamma radiation monitor alarms, which
reduces their effectiveness as a tool for idemtgytrue threats. As a rule, the KVE inspectors do
attend to neutron alarms, which sound differenthenscale house and are much fewer in number
than the gamma alarms.

The thermal inspection device enables inspectossdégotential heat-related defective or
malfunctioning equipment that might be missed wisaal review. The field of view for the IR
image can be manipulated as to direction and watthbling close-up or wide-angle views of
the stream of traffic. The system also recordew@idata (in both IR and color/visible light) for
later review. The effectiveness of the thermabatdion system appears to vary depending on
the training, experience, and skills of the opataepecially in synchronizing the views of the
ground-level IR/color camera and the gable-mountddr overview camera.

The laser scanner appears to log every truck paisiough the ISSES apparatus, but its
adjustment is such that the system generatesarcarimber of extra (blank) records or extra
trigger events, which is an impediment to lateigenvof traffic data. For the sample of data
reviewed for this evaluation, some gaps in the syrechronization were noted.

The ISSES appears to perform with a minimum of hadaled downtime. Partly owing to the
exposed geographic location of the Laurel Countiglvstation, the hardware has been subject
to several outages caused by lightning strikesodinelr power drops or interruptions. The
system has experienced a low rate of hardwareréaibther than some events related to the
reliability of electrical power to the site. Thewtlopmental version of the system software is
not equipped with a self-restarting function, whistkexpected to be included in production
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versions. Also, the state and the vendor are tigagg the installation of an uninterruptible
power supply system for the ISSES.

As of mid-2007, the system appeared to be at sstatge in the product development cycle, not
completely in full-scale production mode, but wadlyond the field test prototype stage. It was
not yet integrated with any current or historidalts or national databases, which affected its
usefulness for real-time enforcement applicatibns, it appeared to be functioning well in stand-
alone mode.

Inspection Efficiency Evaluation

Data to address the safety (inspection efficiegogls and objectives described above were
collected through various methods: (1) interviewd aite visits with various KTC and KVE
personnel; (2) a 2-week field study at the Laur@li@y inspection site in June 2007; (3) various
federal and state safety data sources; and (4fquestal studies that relate to CMV crashes and
safety. Listed below are the main data sourced.use

* Interviews with KVE inspectors and KTC specialists

» USDOT numbers for all trucks going through the ISSiortal at the Laurel County
station during a 2-week field study (during normaytime hours).

* NORPASS (electronic screening/preclearance) bygasisions per truck for one week
during field study

» Electronic copies of inspections performed duringeZk field study

» Electronic copies of Kentucky statewide inspectispanning over 2.5 years

» SAFER (Safety and Fitness Electronic Record) SAERRer and inspection tables
obtained from the Volpe Center at the time of ie&lfstudy

» Kentucky Clearinghouse

* Large Truck Crash Causation Study (LTCCS)

» 2003 National Truck Fleet Safety Survey

» Large Truck Crash Facts — 2005.

The goal of roadside enforcement is to avoid asymeashes as possible by putting unsafe
vehicles OOS before the OOS conditions presenhenehicle contribute to a crash. A means
to this end is to improve the inspection selecpoocess in such a way that the greatest benefit
can result from a fixed number of inspections. sTihiakes the most efficient use of limited time,
human resources, and facilities. The overall agpgnof this evaluation was to first assess the
effectiveness of the current inspection selecti@thmds at selecting high-risk trucks.

In addition, alternative methods for selecting s for inspection were evaluated based on
potential availability of information from the ab®data sources. Several forms of available
evidence and inspection selection methods were ic@ulin various ways to develop
hypothetical scenarios for the safety analysis:

» Selecting vehicles randomly for inspection, to pdeva starting point from which to
assess the contribution of the inspectors’ knovwdeatyd experience.
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* The current vehicle selection process used in Kdytuwvhich relies primarily on
inspector judgment.

« Using electronic screenifgp eliminate all low- and medium-risk carriersrfrselection
consideration, so that inspectors can focus on-hghtrucks or those with insufficient
safety information in federal databases. This @@ghn uses the carrier’s ISS score, a
rating system promoted by USDOT.

» Using the carrier’s vehicle and driver OOS ratdsiclv are the metrics preferred by
Kentucky in roadside enforcement.

* Using information on OOS violations with a highatdle crash risk

» Using thermal/IR brake images from the ISSES.

Finally, the evaluation measured the success gkthew inspection selection methods by
simulating what would happen if inspectors usedehands of information to select high-risk
trucks for inspection. The measures used to ewiswcess were the estimated number of
crashes, injuries, and fatalities avoided.

Kentucky’s current approach to inspection selegtiamch at some sites involves the use of the
Kentucky Clearinghouse and historic out-of-ser{io©S) rates, is described in the Technical
Report (USDOT 2008). Also included in that repsra detailed account of the field
observational study data collection, charactesstictruck traffic at the Laurel County station, a
discussion of inspection efficiency (defined asdbegree to which inspectors choose high-risk
trucks for inspection), a discussion of current patential future alternative approaches to
increasing safety by improving the efficiency ofesting commercial vehicles for inspection,
and an analysis of the usefulness of a carrieedamtialing status relative to their safety
information in identifying high-risk trucks. Thisummary Report focuses on only the results
and implications of the inspection efficiency ealan for commercial vehicle safety.

Table 2 presents a summary of large trucks invoimemtashes in 200%oth nationally and
within Kentucky.

Table 2. 2005 crash statistics for Kentucky and rieon

Kentucky Nation
Large Trucks involved in Crashes 2,853 441,000
Fatalities 124 5,212
Injuries 1,858 114,000

Source: FMCSA 2005 Large Truck Crash Facts (NafipiyDOT 2007h).
Fatality Analysis Reporting System (FARS), Motor@a Management Information System
(MCMIS).

The most important benefit expected from the depleyt of the ISSES and other CVISN
technologies, especially electronic screening afeky information exchange, is a reduction in

% The term “electronic screening” is defined, forgnses of this study, as using any computer-basatiime
information source to aid in selecting trucks fuspection, whether the truck carries a transpoadaot, and
whether the screening occurs at mainline or rami@stane speeds. Further details are provideovhel

3 Although more current crash statistics are avhilabe safety benefits analysis is performed uaibgseline year
of 2005 because that was the last year for whichpbete data were available from all of the relevamntrces.

Kentucky CVSA/ISSES Summary Report 25 January 31, 2008



CMV-related crashes through improved enforcememth@federal Motor Carrier Safety
Regulations (FMCSRs). The principal hypothesibadested is that the ISSES and CVISN
technologies will help enforcement staff focus eson resources on high-risk carriers. This
will result in more OOS orders for the same nundienspections—thereby removing from
service additional trucks and drivers that wouldéheaused crashes because of vehicle defects
and driver violations of safety regulations.

Table 3 lists some key safety statistics obtaimeohfthe published literature. Most of these data
are used in the crash avoidance analysis; othensravided for reference. According to
FMCSA, 8.5 million large trucks in 2005 traveledoagximately 233 billion miles in the U.S.
Also in 2005, the last year for which completeistats are available, 441,000 trucks were
involved in crashes, resulting in approximately ,0D4 injuries and 5,212 deaths. In order to
determine the impact of removing OOS violators fritve roadway on the number of crashes, it
is necessary to estimate certain probabilitiesaatea with crash causation. One important
component to the statistical crash reduction madeéing able to estimate the relative risk of
driver and vehicle OOS violations in truck crash&gpecifically, we would like to know the
probability that an OOS condition exists on a trgaken a crash has occurred involving that
truck. Before the FMCSA-sponsored LTCCS, thereawmt reliable estimates of this
probability for either vehicle or driver OOS vidlas as there had not been sufficient data to
support calculation of reliable estimates. By &ing on the pre-crash condition of the truck, the
LTCCS provides the right type of data for this ges. The LTCCS data was used to calculate
various probabilities that were used as inputfi¢ocrash avoidance model (USDOT 2006a).

Summary of Safety Modeling Approach

Ultimately, safety benefits will be realized ontythe extent that targeted inspections and
improved compliance translate into reductions imbars of crashes. The premise of targeted
inspections is that, for the same number of inspestperformed, additional drivers and vehicles
operating with OOS conditions will be removed frtme roadway. Furthermore, all of the
conditions leading to the OOS order will be fixealdstay fixed” for a period of time after the
inspection. Therefore, crashes that would haveroed during this period are prevented
because the OOS conditions that would have caheectdashes were eliminated. The safety
benefit of ISSES and CVISN technologies is deteaniiby comparing the number of crashes
avoided under a baseline scenario (i.e., with 8&HS or CVISN roadside enforcement
strategies and technology) with the number of @astvoided under a number of deployment
scenarios involving the ISSES and CVISN. It isuassd under each scenario that the
corresponding number of injuries and fatalitiesided are proportional to the number of crashes
avoided.

A statistical model of crash avoidance was devealppased on research on the Safe-Miles
model developed for FMCSA at the Volpe Center toveste the benefits of MCSAP, the Motor
Carrier Safety Assistance Program (VNTSC 1999)Yhaugh the model used in the present
Kentucky safety benefits analysis is different frtima one used in Safe-Miles, certain model
parameters such as the number of “safe miles”ck tnavels following an OOS order, were used
in this Kentucky analysis. The approach to sdbetyefits estimation in the Kentucky evaluation
was adapted from the approach documented in Chautiethe CVISN Model Deployment
Initiative (MDI) Evaluation (USDOT 2002).
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Table 3. Relevant national safety and safety enfoement statistics on large trucks.
Statistic Description Value Source

Number of large trucks 8.5 million | Large Truck Crash Facts 2005
(USDOT 2007b)

Large truck annual vehicle miles traveled (VMT) 323llion | Large Truck Crash Facts 2005
(USDOT 2007b)

Large trucks involved in crashes (2005) 441,000| Large Truck Crash Facts 2005

Injuries from large truck crashes (2005) 114,000| (USDOT 2007b)

Fatalities from large truck crashes (2005) 5,212

Large trucks involved in property damage-only cessh 354,000( Large Truck Crash Facts 2005

Large trucks involved in injury-only crashes 82,000| (USDOT 2007hb)

Large trucks involved in fatal crashes 4,932

Large truck crash rate (truck crashes/100 millidiTy

= 441,000 truck crashes/233 billion VMT 189.3| Derived

Commercial vehicle (non-bus) vehicle inspectiondqrened 1,949,375| Annual Summary of Roadside

(2005) 2,669,679| Inspections — NAFTA Safety Stats

Commercial vehicle (non-bus) driver inspectionsO&)0 2,708,856 (A&l website, USDOT 2005b)

Total CV (non-bus) inspections (driver or vehid2p05)

Kentucky annual commercial vehicle (non-bus) vehinkpections 44,142 | Kentucky Historical Inspection

performed (2005) Data

Kentucky annual commercial vehicle (non-bus) drimepections 86,028

performed (2005)

Kentucky annual commercial vehicle (non-bus) (drimevehicle) 86,077

inspections performed (2005)

Percent of vehicles placed OOS (2005) 24.0% | Annual Summary of Roadside

Percent of drivers placed OOS (2005) 7.0% | Inspections — NAFTA Safety Stats
(A&l website)

Kentucky percent of vehicles placed OOS (2005-360%) 9.5% | Kentucky Inspection Data (2005 —

Kentucky percent of drivers placed OOS (2005 — 26p17) 4.7% | Sept 2007)

Kentucky percent of vehicles or drivers placed Q@®5 — Sept 13.6%

2007)

Percent of VMT with vehicle OOS conditions (2003) 28% | 2003 National Truck Fleet Safety

Percent of VMT with driver OOS conditions (2003) 5% | Survey (TFSS) (USDOT 2006b)

Percent of inspections that found at least one @&h&le violation 49%

given a OOS driver violation was found
1996 National Survey (Star 1997)

Percent of VMT with brake-related OOS conditions 14%

Percent of large CMV crashes with vehicle OOS ciowlipresent 32.4% Derived from LTCCS

Percent of large CMV crashes with driver OOS cadadipresent 17.2% Derived from LTCCS

1 Full reference citations are presented at tlgeoémhis report.
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To summarize, the statistical model used terms agche following:

» The probability that a truck has an OOS violatioreg that it was inspected

» The probability of a crash given that a vehicle aia©OS violation

» The probability that a vehicle has a particular O@fkation or group of violations (e.g.,
vehicle or driver OOS condition) given that itmsa crash (based in part on LTCCS crash
factors data)

* The probability of a crash

» The probability that a vehicle has an OOS condition

* The national crash rate for large trucks

» The number of safe miles (SM) traveled as a rasifixing” an OOS condition.

National data on rates of injury and fatality peick-involved crash were used to derive the
numbers of injuries and fatalities that could beided, given a certain number of crashes
avoided.

Deployment Scenarios

Truck traffic at most inspection sites is very hgand inspectors cannot inspect every CMV
that passes by. Thus, there needs to be a souhddonéogy for narrowing down the pool of
trucks from which inspectors have to choose. Sewvenall scenarios are presented in this
section, a few of which have been divided into sabnarios. The seven deployment scenarios
present different methods for selecting vehiclesrispection with the goal being to select trucks
that yield the most OOS orders. Using the crasiidance model, these scenarios illustrate the
estimated safety benefits of the ISSES and othdEQVechnologies. Table 4 provides a high-
level summary of the seven scenarios presentddsrséction. A more thorough description of
each roadside enforcement (RE) scenario followsablke.

Table 4. High-level overview of roadside enforcemérscenarios.
Screening Criteria Used in Scenario
Vehicle
Inspector | Electronic and Driver Infrared
Experience | Screening | KY OOS | OOS Rates| Brake and Images
Scenario | Random and with Rate Using Driver and Driver
Number Only Judgment | Snapshots | Algorithm | Threshold | OOS Rates| OOS Rate
RE-0 X
RE-1 X
RE-2 X X
RE-3 X X X
RE-4 X X X
RE-5 X X X
RE-6 X X X
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RE-0: Random SelectionEnforcement officers (inspectors) select CMVsifmpection in a
random manner without using personal experiencigment, or any ISSES or CVISN
technologies. This is not one of the roadside reefnent strategies being considered, nor is it a
realistic strategy to employ. However, the caltataof safety benefits under this scenario is
useful for determining the contribution of the iesfors’ knowledge and experience during the
vehicle selection process.

RE-1: Baseline—Pre-ISSES/CVISNInspectors select CMVs for inspection using peaso
experience and judgment, but without the aid oBS®r most CVISN technologies. Electronic
screening is assumed to be used at its curreritdevaf June 2007. This baseline scenario is
analyzed twice. First, safety benefits are catedldased on Kentucky vehicle and driver OOS
rates, which are significantly lower than the nadilbaverage. Then, the analysis is performed
assuming that Kentucky's vehicle and driver OO8gatere on par with national estimates—
referred to as RE-1a.

RE-2: Mainline Electronic Screening based on IS®@e State deploys electronic screening
with safety snapshots at all major inspection sitdstor carriers that are classified as low- and
medium-risk based on ISS scores (comprising appratdly 60 percent of trucks on the road)
enroll in the electronic screening program, ardmepd with transponders, and are allowed to
bypass inspection sites. Inspectors use currawtipes to select vehicles for inspections from
the remaining 40 percent of trucks in the high-askl insufficient data categories.

RE-3: Electronic Screening based on Kentucky OOSti&mspection Selection Algorithm.
State utilizes Kentucky OOS rate inspection sebectilgorithm at all inspection sites that utilize
electronic screening. Every vehicle that enteesinispection station is identified accurately by
the ISSES’ ALPR and USDOT readers. Safety inforomafior each carrier is obtained from the
Kentucky Clearinghouse. Based on the safety inddion, the algorithm identifies trucks for
inspection as described in Section 6.2. Inspestlect vehicles for inspection from this pool of
identified trucks, while non-identified trucks conte to the mainline. Trucks with transponders
are subject to the same algorithm already buitt MORPASS.

RE-4: Electronic Screening based on high vehicleddar driver OOS rates State utilizes the
ISSES and/or electronic screening at all majorecsipn sites. This scenario is similar to RE-3
in that each truck is screened via the ISSES basele vehicle and driver OOS rate of the
carrier. However, RE-4 differs in that a threshOI@S rate is established for both vehicles and
drivers such that all trucks with OOS rates exasgtie corresponding thresholds are brought
into the inspection station for inspection, whileoghers are allowed to bypass inspection sites.
The threshold rates are chosen such that onlygrwitk the highest OOS rates are candidates
for inspection. The threshold values can vary ddpg on both the truck traffic and the rate at
which inspections can be performed at the site paks of RE-4, three specific threshold values
are considered.

RE-5: Electronic screening based on high driver O@Ebrake violation rates.State utilizes
the ISSES and/or electronic screening at all magpection sites. Each truck is screened via
the ISSES based on its OOS or violation rate folations that have a high relative risk for
crash. In this scenario, vehicles are screeneetbas their brake violation and overall driver
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OOS rates as they appear in SAFER. A distincBanade here between violation and OOS
rates. SAFER containsveolation rate for brakes but not a braR®©Srate. Thus, violation rates
are used as a safety index for brake issues, Wialdriver OOS rate is used to screen for driver
issues. Both brakes and driver OOS violations e found to have a high relative risk for
crashes. This scenario differs from RE-4 in thedtigles are screened on their brake violation
rate as opposed to their overall vehicle violatiate in an attempt to catch those vehicles that
have a violation that has a higher relative rigskd@ash. Similar to RE-4, all trucks with
violation rates exceeding the threshold are camekd@r inspection, while all others are allowed
to bypass inspection sites. Moreover, the threshaikes are chosen such that only trucks with
the highest rates are selected for inspection laathresholds can vary depending on the amount
of inspection personnel available at a given statids part of RE-5, three specific threshold
values are considered.

RE-6: Electronic screening based on infrared scréieg and high driver OOS violation rate.
State utilizes the ISSES at all major inspectidessi Each truck is screened via two criteria: the
thermal (IR) imaging system on the ISSES and theed©OS rate of the carrier. In this
scenario, vehicles are screened based on the peesta brake violation through the IR image
produced by the ISSES and the driver OOS rateagspitars in SAFER. This scenario is similar
to RE-5 in that both brake and driver OOS violagiamne used as screening criteria. RE-6 differs
from RE-5 in that vehicles are screened for bra@kations via IR imaging as opposed to brake
violation rates obtained from SAFER. All trucksthva potential brake violation as detected
from the IR image or trucks with driver OOS ratgseeding various thresholds are candidates
for inspection, while all others are allowed to &gp inspection sites. Inspection efficiency data
from an earlier FMCSA report on the IRISystem (USDZD00) were used in this scenatio.

In summary, RE-0 is the most basic selection poéselecting vehicles randomly and is
presented mainly to assess the contribution oingectors’ knowledge and experience during
the vehicle selection process, which is representétk baseline scenario RE-1. The remaining
five scenarios all make use of progressively movelved selection criteria. Electronic
screening is employed in RE-2 to eliminate all land medium-risk carriers from selection
consideration. Although this scenario helps improwspection selection efficiency by allowing
inspectors to focus only on high-risk vehiclesharge with insufficient data, there are still too
many vehicles remaining in these categories fasmke enforcement officials to inspect them
all. As aresult, scenarios RE-3 through RE-6 gl®various methods to further narrow down
the number of vehicles that inspectors have to shd@m. RE-3 is based on the Kentucky OOS
rate inspection selection algorithm, which seleetsicles for inspection at different rates
depending on their OOS rates. RE-4 and RE-5 taiglatly different approach in selecting

only those vehicles with the highest probabilityhaiving particular kinds of OOS violations as
measured by some safety index. RE-6 examinesahefits when IR imaging is used to screen
for brake violations.

* The IRISystem technology was purchased by 11S #elor for the ISSES technology under evaluatio2003.
[IS continues to manufacture IRISystem vans, apdRiSystem designer participates in all of 11Sisrimal
imaging applications.
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Broader Definition of “Electronic Screening”

In the CMV law enforcement community, the term &ttenic screening” signifies a
transponder-based mainline preclearance systefm asudORPASS, HELP/PrePass, Oregon
Green Light, or equivalent. Such systems provigelside enforcement personnel the ability to
detect and identify and (optionally) weigh CMVsadinline speeds. For purposes of this report,
Scenarios RE-3 through RE-6 expand the definitidielectronic screening” to include other
means of achieving a similar goal, namely to usemgers and telecommunication technology
to identify and prescreen vehicles in real time Stenarios RE-3 through RE-6, ISSES or an
equivalent system is used for identifying trucksving slowly through a weigh station. The
basic function is the same as transponder-baseteprance, the only difference being the
truck’s speed at the point of decision (red lightll-in, green-light, bypass). In these four
scenarios, it is assumed that some trucks camgpander tags and some do not. Furthermore, it
is assumed that all trucks approaching the statiersubject to electronic or computer-based,
real-time prescreening—at high or low speeds—asaio the inspector’s decision process.
These four scenarios also diverge from the usuUalitien of “electronic screening” in that, for
purposes of modeling and analysis, they introdeoeesing decision criteria that are different
from the criteria believed to be used in the pravgimainline e-screening programs or
partnerships (NORPASS, PrePass, and Oregon Grght).Li

Summary of Safety Benefits/Inspection Efficiency Raults

Table 5 summarizes the major results of this sdfenefits analysisAccording to the model,
current roadside enforcement strategies (RE-1)em@onsible for avoiding 126 truck-related
crashes, which represents about 4.4 percent & 8%3 crashes in Kentucky that occur annually,
based on 2005 crash statistics. Furthermoregstisnated that current roadside enforcement
activities are responsible for preventing 33 irgarand 2 deaths.

The safety benefits realized increases with eaehas® RE-2 through RE-6. The maximum
benefit is achieved with RE-6, where 755 crasheswaoided if the top 5 percent of vehicles in
terms of driver OOS violations are inspected injgonction with IR screening. This implies that
about 26 percent of Kentucky's 2,853 annual truglkted crashes could be avoided under RE-6.
In reality, this figure is an overestimate, becausgonal crash rates were used in the safety
benefit calculations, because reliable crash fatesentucky were not available.

To put the crash avoidance numbers into contexisider that the number of large trucks
involved in crashes in Kentucky (2,853) is low tieda to the 441,000 large trucks involved in
crashes nationally, representing only 0.6 percénational crashes. Also, the percent of
Kentucky crashes relative to the number of inspestperformed in Kentucky is about 3.3
percent. Comparatively, the national rate of ceagielative to the number of inspections is
about 16 percent. Therefore, relative to the nurobaspections, Kentucky’s crash rate is
smaller than the national crash rate. The exasiomre for this is unknown, but possible
explanations include a lower volume of traffic iemtucky, less congested highways, or a
smaller number of large cities.
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Table 5. Estimated safety benefits of the ISSES drCVISN under selected deployment scenarios
and assumptions.

Additional ? Safety Events
Numbers of Safety Events Avoided (ISSES/CVISN
Avoided" Benefit)
Scenario Description Crashes| Injuries | Fatalities| Crashes| Injuries| Fatalies
RE-0 Random Selection 183 47 2
Baseline — Pre
RE-1 ISSES/CVISN Using| 126 33 2
Kentucky OOS Rates
Pre ISSES/CVISN
RE-la | Using National OOS 214 55 3
Rates
Mainline Electronic
RE-2 Screening Based on| 189 49 2 63 16 0
ISS Score
Electronic Screening
based on Kentucky
RE-3 OOS Rate Inspection 221 59 3 101 26 1
Selection Algorithm
Electronic
Screening 5% 306 79 4 180 46 2
RE-4 |Dasedonhighi o 57 56 91 23
vehicle and/or
driver OOS 25% 134 35 2 8 2 0
rates
Electronic 5% | 476 123 350 90 4
screening
driver or brake| o506 | 221 57 95 24 1
violation rated
Electronic
screening
based on 5% 755 196 9 629 163 7
RE-6 | infrared 10% | 644 167 8 518 134
screening and
high driver 25% 544 141 7 418 108 5
OOS violation
rate’

population selected for inspection (top 5%, 10%, or 25% in terms of risk).
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The estimated number of crashes avoided is based on the assumption that crashes are avoided when vehicles
and drivers with safety violations are placed OOS.

Compared to baseline scenario (RE-1).

Safety Benefits shown for strategies RE-4, RE-5, and RE-6 are dependent on the percentage of the truck
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Recalculating the safety benefits achieved whemé#t®nal number of vehicle and driver
inspections in 2005 is used instead of Kentuckgeetion figures in Equation (5) finds that
implementing RE-6 avoids about 6.5 percent of alianal crashes. This figure makes more
sense in the context of the number of total crashes

It is not possible to know the exact percentagerashes caused by driver or brake OOS
violations. However, as discussed earlier, thewe12.2 percent increase in relative crash risk
for driver OOS violations, a 4.4 percent increaserash risk for vehicle violations, and a 7.7
percent increase in crash risk for brake OOS vamat Since a vehicle could have more than
one type of violation, the three crash risk figuraanot be added to obtain the total increase in
crash risk. However, these figures suggest thtaerfle were no driver or brake OOS violations
present in the population, no more than about 20gn¢ of crashes could be avoided. This is the
maximum possible benefit if all OOS violations wesenoved from trucks traveling on the road.
This fact helps to put the Kentucky results intateat and to provide an upper bound on the
crash avoidance numbers for Kentucky.

User Acceptance and System Cost Evaluation

The user acceptance study focused on the intebofieteeeen the inspectors and the ISSES
equipment, and the more subjective attitudes antegtual environment that affect the adoption
or rejection of advanced systems such as the ISEH&Ecompleteness, the user acceptance
interview questions were intended to cover all ISSEbsystems, including the ALPR and the
USDOT number reader, even though those two sysiares not under evaluation. Details on
the user acceptance and system cost data collertabnding interview guides and transcripts of
interview contents, are presented in the Techieglort (USDOT 2008).

User Acceptance Results

The purpose of this section is to summarize theirfigs of the interviews and site observations
and to present a discussion of the prevailing tisetinat appeared in the user acceptance data.
The main two findings are as follows:

1. Staffing and training were seen as main barriero active use of ISSES in everyday
KVE inspection operations.

2. The majority of inspectors said ISSES appearemtbe user-friendly, and that
training is necessary to help them make full use ofs capabilities.

Several prevailing themes appeared in the dadessibed below:

Training. In many replies, respondents cited lack of pra@ening as being either the main
reason or part of the reason they had not usegamyf the ISSES equipment. In many
instances, respondents indicated that with adedraaténg and user documentation they could
come to appreciate and utilize the equipment. Adiog to KTC, some training and exercises
had been conducted at the time of the initial dgplent in 2005 and since then; however,
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training should be offered frequently for all sfaépecially new hires. Staffing levels were also
seen as an important barrier to using ISSES duwldilg inspections. There is a perceived
scarcity of staff resources to make use of thermédion being generated by ISSES.

Based on respondent feedback, training shoulddectudiscussion of how ISSES can augment
current inspection selection practices, which am@arily visual inspection and observation, the
use of WIM sensors, and queries of external daieces. For the radiation monitor, training
should highlight how to interpret the truck prosilisted on the ISSES screen and how to
distinguish and read radiation dose rate values.ttte thermal imaging equipment, training
should include a thorough explanation of scenanasder for inspectors to be able to recognize
brake violations and other patterns. Three okthe@espondents felt that the thermal imaging
device should benefit them since it seemed “easikercate possible brake defects” than working
at a location without it.

Equipment. Respondents provided most useful information absatof the ISSES subsystems,
the radiation monitor and thermal imaging devioemany replies, respondents considered most
ISSES radiation alarms to be caused by routineraly occurring substances (e.qg., brick,
porcelain, clay) or licensed, placarded medicatipobs. Respondents indicated the radiation
monitor needs to be fine-tuned to reduce nuisalazena. The system is perceived as “very
sensitive.” Inspectors do not want to waste timesaty down every truck.[As a point of
reference, during the field observation, approxetyg@00 gamma alarms and nine neutron
alarms were recorded by ISSES in 12 days.] Acogrth the vendor, every ISSES site is
provided with a hand-held radiation detector, alwoiity software allowing inspectors to
download data from the hand-held detector to thetednic record of the inspection. Several
respondents noted that hand-held radiation deteatdrile not recognized by them as being part
of ISSES, complemented the radiation portal monifdte hand-held device, which is deployed
at every ISSES site, can zero in on a problem wvherruck is in the inspection shelter.

In many answers, respondents indicated that tHgyrethe thermal imaging device with the
greatest confidence because they can “actualljrseles on the screen” and believe it enables
them to perform their job functions better. It apgs to be easy to use, even given little training,
and training could only help inspectors make betser of this subsystem. Respondents also said
that having the thermal imaging device on siterhase benefits than IRISystem vans, although
one could complement the other, similar to the doatiion of the hand-held and fixed portal
radiation monitors. On several occasions, respusdaised the point that the thermal camera
shows only one side of truck, and they would likdo¢ able to view both sides of the vehicle as

it passes the thermal camera location. One claisint of the thermal imaging system is that it
tends to show defects more clearly on the far-aides of the truck, partly because the tires and
rims do not obstruct the line of sight from the esanto the brakes and other components that are
most subject to over- or under-heating. Camerasepl on both sides of the lane of travel would
thus allow the inspector to view the insides ofiheeels on both sides of the truck more clearly.

Lessons Learned.Respondents provided useful lessons learned regghdw ISSES would
yield greater benefits for future deployments ilvére integrated with state and national systems:

® The KTC indicated that the nuclear detection sstasy at the Laurel County ISSES site had been djus the
fall of 2007 (after the time of these interviews)greatly reduce the frequency of nuisance alarms.
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Lesson learned 1: Train early and retrain periodically to accoumt fiew staff. Respondents
speculated that they could provide additional irgrutiifferent answers to the user acceptance
interview questions if they had had training on élg@ipment, since many respondents admitted
their unfamiliarity with the equipment. Future &ations could include revised one-on-one
interviews as well as focus groups to bring togetieeeral trained users in a group setting to
discuss and listen to their issues and concernst dbe features of the ISSES.

Lesson learned 2: Carefully consider where equipment is sited keefostallation and obtain

input from inspectors. As it is installed nowapipears that the equipment is located too far
down the approach ramp from the mainline, at atgbat is too close to the scale house.
Inspectors need adequate time to interpret infaondtom ISSES and then decide whether to
stop a given vehicle. In the current setup, bytitihe the vehicle arrives, it is often too late;
inspectors need more time to visually inspect IRgery and other ISSES signals. The Kenton
site, installed after the Laurel site, provided endistance from the ISSES equipment to the scale
house, primarily for the time required for the systto recognize and process the USDOT
numbers and license plate numbers.

Changing the siting of the equipment could als lie¢ triggering and correlation process,
especially when two trucks are very close togeitnéne. The current ISSES occasionally
generates extra data records across the variosgsaims, making it difficult to relate, for
example, ALPR values with USDOT number values, ibih vadiation profile values. The topic
of triggering issues, including the tradeoffs regdiwhen deploying a system that combines
both highway safety and homeland security functisovered in more detail above in System
Performance.

Lesson learned 3: Provide equipment documentation and user guildeg avith contact
information on-site (e.g., if a radiation alarm ga#f) that affords inspectors access to personnel
with a working knowledge of equipmeht.

Overall, the ISSES system works as designed, bu Kiff—because of their workload,
primary duties, and enforcement performance measydperceive watching the ISSES screens
to be very time-consuming in terms of meeting thetgs that are set out for them in their jobs.

Deployment and Operating Costs Results

The system cost study focused on the economic dilmes of the deployment, for both one-time
start-up costs and recurring (annual) costs toatpemd maintain the ISSES. Data on actual
costs incurred were supplemented by best estif@téisose costs that are not available.

Data collection for the system deployment and dpegaosts was made via contact with the
KTC to identify the various costs associated witinghased and installed materials and system
equipment, related software integration, and vetetmor. The KTC has provided a copy of a
bill of sale dated 6/2/2005 with cost data and gareystem specifications. This bill states that

® KTC indicated that, now that a maintenance contras been established with the vendor, each ISBE8as
contact information posted for the on-site techirscgport person from 1S, giving KVE enforcemeptgonnel
consistent access to help if they have a questianpooblem with the equipment.
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the total cost of installing ISSES at the Laureu@ty weigh station was $350,000. This total
cost includes the: radiation detection compontietmal imaging component; license plate
reader component; and site preparation and ingstadlaAll installed equipment is included in
the bill of sale except two rack mount serverse KA C, which was involved in ISSES
contracting between the state and the vendor, tegbtinat funds from Oak Ridge National
Laboratory (ORNL) were also used in the originalited County installation and deployment,
and that subsequent systems installed in otheru€kpntcounties have actually cost the state
approximately $500,000 each to procure and install.

The original budget for the Laurel County ISSES mldd provide funding for training or system
maintenance. According to the KTC and the venkowever, recurring (annual) costs for
hardware to operate and maintain the equipment bese fairly low. The system is based on
low-amperage sensors and communication systemsjaasinot cause a large electrical current
draw. Equipment repairs and replacement of pastslescribed below, have been largely due to
lightning strikes and electrical power service iniptions, not due to ISSES equipment defects.
In November 2006, the KTC entered into a servigdreat with TransTech to make one field
technical support person available at approxima&8® of full-time on-site to cover the three
installed ISSES locations for one year, and at tibali of the first year’'s time commitment for
two years thereafter. While the technical supperson also participates in client- and vendor-
driven data collection projects and other actigitbeitside of this on-site service commitment, his
main role is to be available to troubleshoot anyteaance issues, monitor the site remotely,
make any repairs on-site as needed or requestiEffByor KTC, provide training to
operators/inspectors at each of the sites, andifgend test ISSES enhancemeht$he cost of
this maintenance and technical support from Noverabé6 through August 2007 has been
approximately $109,000. This amount has coveredS8ES maintenance duties listed above,
but some fraction of the field support techniciaalgst’s time within this contract has been
devoted to administrative activities, software pemgming support, and communications
protocol development for the nuclear detection gstigsn unrelated to the monitoring, repair,
and maintenance of the ISSES. Thus, the entir8,800 has not been attributable to operating
and maintaining the ISSES hardware and software.

It appears that ISSES requires frequent maintenaacause of system troubleshooting and
power interruptions, the latter type being congdannscheduled maintenance. It is difficult to
delineate whether the maintenance (both unschedmniggreventive/planned) is monthly,
weekly, or daily because of the nature of the thestooting (e.qg., lightning strike versus
software modification).

" The first such training session was a two-daining session held on July 31 and August 1, 2p63ided to
personnel at the Kenton County inspection statibine training session focused on the operatiohethermal
imaging system.
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Conclusions and Implications

The conclusions and lessons learned, presented b&le based on the findings in the Technical
Report on the Kentucky CVSA Evaluation (USDOT 2008ksers can refer to the Technical
Report for further detail on any conclusions hel®se supporting documentation is not given in
this Summary Report.

Overall Conclusions and Lessons Learned

* The KVE inspectors at Laurel County were not usimggISSES to any great extent
during the period of the field study. Accordingimterviews with inspectors and with
staff from the KTC, the ISSES hardware was funatigrsatisfactorily, but the state’s
scarcity of resources and staff prevent inspedtors having the time to use the
information being displayed by the ISSES. The ISSEs in place and operating at the
inspection station, but was not being used to #iegtive extent during the period of the
evaluation.

* The portions of the ISSES under evaluation in shisly appeared to perform as
designed. KVE staff assigned to the Laurel Cowwigh station, because of their
workload and their primary inspection duties, témgerceive that spending time
watching the two ISSES interface screens or manigtoo time-consuming and does
not represent an efficient use of their time. T®®ES software and components now
deployed—though operational—are considered to lzedavelopment mode as of late
2007.

* The vendor informed the evaluation team that threpany attempted to use commercial,
off-the-shelf technologies for the ISSES wheneassible. While this approach
provides advantages with respect to reducingdosts and allowing the state to begin
using subsystems like the thermal inspection camederadiation monitor immediately
in a stand-alone mode, it also increases the caktidficulty of integrating disparate
commercial systems.

* The deployment took place in a larger enforcementext that has up to now
emphasized and rewarded inspectors for the nunolb@rspections they complete, not
necessarily for achieving high rates of OOS ord@ilsus the purpose of the ISSES (to
help inspectors focus on the trucks with the wsasety records, and in effect drive
upward the rate of OOS orders) is not directlyradid) with the traditional goals of the
inspectors in Kentucky. This institutional discenhaffected the degree to which the
inspectors perceived the ISSES as helping theneaeltheir personal and organizational
job goals.

» Lack of training was seen as another obstacle t@ reifective use of the ISSES. One
KVE officer said, “It is a good system but therents one sitting over the monitors
watching the results.”
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System Performance Conclusions

* The radiation monitor appears to alert inspectosatential radiation hazards. No
attempt was made to simulate radiation-emittingl$oi@ formally test the rates of false
positive alarms or false negative (missed deteratarms. A tendency for nuisance
gamma alarms caused by naturally occurring subssamowever, has the effect of
making inspectors more likely to ignore all of trEemma radiation monitor alarms. As a
rule, the KVE inspectors do attend to neutron atamvhich sound different in the scale
house and are much fewer in number than the garfamasa An isotope identification
capability recently deployed at the two newer ISSEfions (Kenton and Simpson) has
also reduced the number of nuisance alarms. Datheing collected to develop
computer-based “risk matrices” to further limit thember of nuisance radiological
alarms in the future.

» The thermal inspection device enables inspectosedgotential heat-related defective or
malfunctioning equipment that might be missed uisaial review, and archives video
data for follow-up review. The effectiveness af thermal inspection system appears to
vary depending on the training, experience, aniissii the operator, especially in
synchronizing the views of the ground-level IR/eatamera and the gable-mounted
color overview camera.

* The laser scanner appears to log every truck patisiough the ISSES apparatus, but its
adjustment is such that the system generatesaircattmber of extra (blank) records or
extra trigger events, which is an impediment teragview of traffic data. For the
sample of data reviewed for this evaluation, soagsgn the time synchronization were
noted.

* The ISSES appears to perform with a minimum of bedaled downtime. Partly owing
to the exposed geographic location of the Laurelr@pweigh station, the hardware has
been subject to several outages caused by lighstitkgs and other power drops or
interruptions. The system has experienced a ItsvaBhardware failure, other than
some events related to the reliability of electrpmaver to the site.

» Based on experience at the first (Laurel) ISSES; #ie location of the visible lighting
fixtures was changed from the passenger side tdrttier’s side at Kenton to reduce the
amount of stray light reaching the mainline officaf Also, the Kenton ISSES equipment
was positioned approximately twice as far upstréam the scale house as the ISSES
equipment at Laurel, in principle allowing Kentarspectors more time to make
decisions based on the system’s output.

* As of mid-2007, the system appeared to be at sstage in the product development
cycle, not completely in full-scale production motat well beyond the field test
prototype stage. It was not yet integrated with @mrent or historical state or national
databases, which affected its usefulness for nes-&nforcement applications, but it
appeared to be functioning well in stand-alone mode
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Inspection Efficiency Conclusions

» A series of scenarios was constructed to compantu€ky’s current inspection selection
methods with various progressive options for iratigg ISSES and similar CVISN
screening technologies at the state’s weigh statidiine scenarios also explored
variations in the inspection selection criteriat thtates could use in trying to focus their
finite resources on the highest-risk carriers, elelsi and drivers. Substantial potential
reductions in crashes, injuries, and fatalitiesengedicted from wider deployment of
ISSES. Estimates were made using statistical rragel

* The roadside enforcement (RE) scenarios were deéiadollows:

RE-0: Random Selection

RE-1: Baseline—Pre-ISSES/CVISN

RE-2: Mainline Electronic Screening based on IS&&

RE-3: Electronic Screening based on Kentucky OOt R&apection Selection

Algorithm

RE-4: Electronic Screening based on high vehict¥@ardriver OOS rates

RE-5: Electronic screening based on high driver @DBrake violation rates

0 RE-6: Electronic screening based on IR screenidghagh driver OOS violation
rate.

© O 0O

(ol e]

» According to the model, current roadside enforcemsemategies (RE-1) are responsible
for avoiding 126 truck-related crashes, which repnés about 4.4 percent of the 2,853
crashes in Kentucky that occur annually, based0@® Zrash statistics. Furthermore, it is
estimated that current roadside enforcement aetsvére responsible for preventing 33
injuries and 2 deaths.

» The safety benefits realized increases with eaehas® RE-2 through RE-6. The
maximum benefit is achieved with RE-6, where 75ishes (629 more than in the
baseline scenario) are avoided if the top 5 peraemthicles in terms of driver OOS
violations are inspected in conjunction with IResming. This implies that about
26 percent of Kentucky’s 2,853 annual truck-relateashes could be avoided under RE-
6. In reality, this figure is an overestimate, hesmnational crash rates were used in the
safety benefit calculations, in turn because ridigbash rates for Kentucky were not
available.

* In terms of injuries and fatalities, the increméinefits range from 16 to 163 fewer
injuries per year, and up to 7 fewer fatalities yesrr.

* To put the crash avoidance numbers into contexisider that the number of large trucks
involved in crashes in Kentucky (2,853) is low tigda to the 441,000 large trucks
involved in crashes nationally, representing oné/flercent of national crashes. Also, the
percent of Kentucky crashes relative to the nunobarspections performed in Kentucky
is about 3.3 percent. Comparatively, the natioat of crashes relative to the number of
inspections is about 16 percent. Therefore, reddtihe number of inspections,
Kentucky’s crash rate is smaller than the natienash rate. The exact reason for this is
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unknown, but possible explanations include a lovedénme of traffic in Kentucky, less
congested highways, or a smaller number of largesci

* Recalculating the safety benefits achieved whem#tienal number of vehicle and
driver inspections in 2005 is used instead of Kekyunspection figures finds that
implementing scenario RE-6 avoids about 6.5 perakall national crashes.

User Acceptance/Cost Conclusions

* As noted above, staffing and training were seemas barriers to active use of ISSES in
everyday KVE inspection operations. The majorityngpectors said ISSES appeared to
be user-friendly, and that (compared to the trgjmfiered at the Laurel County site),
more training is necessary to help them make &él of its capabilities.

* Respondents considered most ISSES radiation atarbyes caused by routine, naturally
occurring substances (e.g., brick, porcelain, abayicensed, placarded medical
products. Respondents indicated the radiation tooneeds to be fine-tuned to reduce
nuisance alarms. After the time of the user aeoe interviews, the ISSES at the
Laurel County site was adjusted to reduce the peaga of nuisance alarms.

* Respondents indicated that they rely on the themmading device with the greatest
confidence because they can “actually see truckh@®screen” and believe it enables
them to perform their job functions better. It aps to be easy to use, even given little
training, and training could only help inspectoraka better use of this subsystem.

* As for lessons learned from the Laurel County daplent, designers should carefully
consider where equipment is sited before instaltaéind obtain input from inspectors.
As it is installed now, it appears that the equiphig located too far down the approach
ramp from the mainline, at a point that is too elts the scale house. Inspectors need
adequate time to interpret information from ISSES8 then decide whether to stop a
given vehicle.

» Deployment teams should provide equipment docurtientand user guides along with
contact information on-site (e.g., if a radiatidaren goes off) that affords inspectors
access to personnel with a working knowledge ofpggant. After the time of the user
acceptance interviews, contact information for techl support was posted on the ISSES
equipment at Laurel County.
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Appendix A.

Points of Contact

Kentucky Transportation Cabinet
Sonia Sanders, CVISN Program Manager
Transportation Cabinet Office Building
Dept. of Vehicle Regulation
200 Mero Street
Frankfort, KY 40622
(502) 564-7000
Fax: 502-564-6403
sonia.sanders@ky.gov

Kentucky Vehicle Enforcement
David G. Leddy
(502) 564-3276
Davidg.leddy@ky.gov

Captain David Marcum

KVE Commander of Laurel County weigh-inspection facility

Kentucky Transportation Center (University of Kentu
Joe Crabtree, ITS Program Manager
176 Raymond Building
Lexington, KY 40506
(859) 257-4508, ext. 74508
Fax: (859) 257-1815
crabtree@engr.uky.edu

Oak Ridge National Laboratory
Randy M. Walker, Program Manager
Computational Sciences & Engineering
One Bethel Valley Road
PO Box 2008, MS-6418
Oak Ridge, TN 37831-6418
(865) 574-5522
Fax: (865) 576-5943
walkerrml@ornl.gov

Transportation Security Technologies LLC (Transtech
Brian S. E. Heath
765 Emory Valley Road
Oak Ridge, TN
877-393-3939
Fax: (877) 393-8883
bheath@intelligentimagingsystems.com

Federal Motor Carrier Safety Administration
Pamela Rice, Division Administrator
330 West Broadway
Frankfort, KY 40601
(502) 223-6768
Fax: (502) 223-6767
pamela.rice@dot.gov
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David Hunsucker

176 Raymond Building
Lexington, KY 40506
(859) 257-8313

Fax: (859) 257-1815
dhunsuck@engr.uky.edu

A subsidiary of:

Intelligent Imaging Systems

4954 - 89 Street

Edmonton, Alberta, Canada T6E 5K1
(877) 393-3939

Fax: 877-393-8883
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